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the tropics. Early European plant explorers, beginning with James Cunningham at the close of the 
17th Century (Cox, 1945), found China a dangerous, fascinating, irresistible venue. And the 
collections brought back to Europe from China created great interest and financial motivation for 
additional exploration (Spongberg, 1993). As American botanical gardens and arboreta began to 
flourish in the 1800s and early 1900s, many of their most prized specimens came from Chinese 
explorations conducted by such intrepid field botanists as E.H. Wilson and Frank Meyer 
(Cunningham, 1984). 
Many in this audience already recognize the contributions of Chinese wild and cultivated 
plants to the palette of American landscape plants. Considering the broad and, to a certain extent, 
parallel climates (Huo and Hartzler; 1995) and floras (at least at the generic level) (Wu, 1983) of 
China and the U.S., it is not surprising that Chinese plants are widely cultivated in many parts of 
our country. A sampling of popular Chinese landscape plants across North America includes 
flowering peach, Prunus persica (L.) Batsch., and other ornamental Prunus L.; callery pear, Pyrus 
cal/eryana Decne.; golden-rain tree, Koelreuteria paniculata Laxm.; crepe myrtle, Lagerstroemia 
indica L.; diverse species of Euonymus L., Photinia Lindi., and Rhododendron L.; and colorful 
vines, such as wisteria, Wisteria Nutt. spp., and Chinese trumpet-creeper, Campsis grandiflora 
(Thunb.) K. Schum. 
The introduction of landscape plants from China can be divided into two phases. The first 
phase was remarkably productive considering that it was conducted without the benefit of reliable 
data on the climates and soils of China. Cox (1945) presented a comprehensive overview of 
explorations from that phase. It came to a close in the early part of the 1900s, as political 
instability and war ravaged China. The establishment of a Communist government in China after 
the close of World War II caused many western nations to suspend travel and diplomatic and/or 
economic relations for 25 years or more, effectively ending most plant exchange. 
The second phase began about 1980 (Spongberg, 1993), as many nations re-established ties 
with the Chinese government. As in the first phase, much of the new exploration has emphasized 
collecting in those remaining areas of great diversity, such as the mountainous parts of 
southwestern China. It is important to note, however, that during the lapse between these two 
phases, Chinese plant and soil scientists and climatologists collected a great deal of baseline data 
that can help guide landscape plant introduction. One of the first to recognize the potential utility 
of these data was M.Y. Nuttonson, who used fragmentary climatic and soil data to produce the first 
comparative studies of Chinese and American growing conditions (Nuttonson, 1947) and who was 
instrumental in the American publication of Chen's (1970) study of the agricultural regions of 
China. Following in Nuttonson's footsteps, and with the help of more detailed and complete 
environmental data sets, I will briefly examine how some of these data can be employed to guide 
collections oflandscape ornamentals for the North Central U.S. 
FOCUSING FUTURE EXPLORATIONS 
The botanical riches of China are under great pressure from agricultiiral and urban 
development, indiscriminate logging, and other extractive industries. As we collaborate with 
Chinese researchers to preserve and utilize as much of this botanical diversity as possible, we can 
take two rather different, but not mutually exclusive, approaches. First, we can focus on those 
regions with maximal diversity and broaden the taxonomic breadth of our collections. But, then we 
can also examine other regions with climatic and/or edaphic conditions that should contain 
numerous species which have evolved adaptations conferring tolerances to various stresses. Many 
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recent and planned explorations are based primarily on the first approach (though a study by Huo 
and Hartzler [1995] suggests that environmentally based explorations may be planned for Chinese 
broad-leaved evergreens suitable for the southeastern U.S.). Today, I will examine the second 
approach, first by summarizing a recent review (Widrlechner, 1994) of some major climatic and 
edaphic factors related to landscape plant adaptation and then by applying such factors to China. 
Three climatic factors have great influence on landscape plant adaptation. These are winter 
low-temperature conditions, which serve as the basis for hardiness zone maps in the U.S. (Cathey, 
1990); moisture balance, especially during the growing season; and photoperiod regimen. I 
recently learned that two of these factors, absolute low temperatures and an index measuring the 
moisture balance, were used by Kokhno and Kurd yuk (1994) to classify regions of the world for 
landscape plant introduction to the Ukraine, a nation with climatic stresses very similar to those of 
the north central U.S. These three factors may not need to match exactly between collection sites 
and target environments for successful introduction, but to ignore them is foolhardy. 
Winter low temperature conditions at collection sites ideally should be similar to, or 
somewhat harsher than, those to be experienced where the plants will be introduced. The patterns 
of autumnal cooling and vernal warming at collection sites also should be similar to the target 
environment. If they differ, the collection sites with more variable (year-to-year), widely 
fluctuating (within-year) cooling and warming regimens might be preferable to sites with highly 
predictable, gradual regimens. 
The moisture balance at sites can be estimated by comparing precipitation data with various 
measures of evapotranspiration. A graphical method of examining the seasonality of moisture 
balance is presented in Walter and Lieth's climate diagrams, which have been published in atlas 
form (Walter and Lieth, 1960-1964) for weather stations throughout the world. Data on relative 
humidities can also be useful in estimating moisture balances. Personal observations and 
unpublished data from the NC-7 Regional Ornamental Plant Trials suggest that when plants are 
imported from collection sites that are much drier than the cultivation sites, many plants suffer from 
leaf diseases, root rots, and vascular wilts. Published data from the NC-7 Trials, reporting on the 
long-term performance of landscape plants from the former nation of Yugoslavia (Widrlechner et 
al., 1992), indicate that, when collections are made from sites that are wetter than subsequent 
cultivation sites, such plants generally survive poorly. This is most likely due to an inability to 
withstand periodic drought stress. 
Therefore, it may be advantageous to collect from sites that have a moisture balance 
resembling that of the target environment. It may also be possible to compensate for differences in 
moisture balance by considering the water-holding capacity of soils at collection sites. Particularly 
well-drained soils with low organic matter can cause a plant to experience a much drier 
microclimate than would be suggested by general climatic data. Conversely, plants occurring in 
floodplains and at the bases of north-facing slopes may be worth collecting from regions that are 
significantly drier than is the target environment. 
Photoperiod is involved in both the control of plant growth and winter hardening for many 
landscape plants. Plants requiring the long photoperiods of high northern latitudes for proper 
growth and flowering may languish farther south. In contrast, plants moved north of their 
provenance may exhibit delayed hardening and early winter injury. 
Soil characteristics are particularly important selective factors for landscape plants that will 
be cultivated under urban conditions. Soils in urban planting sites are often compacted, with poor 
drainage and seasonal flooding, and calcareous and/or alkaline, from the inclusion of construction 
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waste and dissolved building materials, or saline, from the deposition of de-icing salts. 
Competition from turf often occurs. Thus, it would be valuable to find collection sites with poorly 
drained, seasonally flooded, alluvial soils, saline or limestone-derived soils, or soils that developed 
in the transition zone between forests and grasslands. 
PARALLELS WITH THE NORTH CENTRAL U.S. 
How might we apply the preceding select set of climatic criteria to identifying Chinese 
plants that would be well-adapted to cultivation in the urban areas of the north central U.S.? The 
simplest climatic factor to apply is photoperiodicity. The urban areas of the north central U.S. are 
located between about 3 7 and 48°N latitude. Thus it may be wise to concentrate our search to 
similar latitudes in China -- perhaps 35 to 50°N. 
Mean annual minimum temperature is the measure of low temperature used to delineate 
U.S. Department of Agriculture (U.S.D.A.) winter-hardiness zones for the United States (Cathey, 
1990). A map displaying mean annual minimum temperatures for the period 1951-1980 for China 
can be found in the Atlas of the Climatic Resources of China (China Meteorological 
Administration, 1994). I have modified the boundaries of this map to conform with the U.S.D.A. 
zones (Figure 1). Nearly all of the north central U.S. is rated between U.S.D.A. zones 3b and 6a. 
Thus we may be justified in limiting explorations to U.S.D.A. zones 3 to 5 in China. 
Comparisons of the moisture balance between sites in China and those in the north central 
U.S. are somewhat more problematic. The moisture regimen in northern China differs from that of 
the north central U.S.; precipitation in China is more concentrated in the summer, when plants are 
actively growing. Because evapotranspiration is strongly influenced by air temperature, the 
growing-season moisture balance in China might be compared with that of the north central U.S. by 
searching for regions in China that have: (1) similar July mean temperatures to those found in the 
north central U.S. and (2) a similar range of summer precipitation levels. Through this approach, 
we can limit our search to those regions in China that, at the coolest, have a July mean temperature 
of20°C and between 150 and 300 mm of summer precipitation, and, at the warmest, have a July 
mean temperature of28°C and between 200 and 350 mm of summer precipitation (Environmental 
Data Service, 1968; China Meteorological Administration, 1994). 
When we combine all the preceding criteria, only the stippled areas mapped in Figure 2 
remain. It is important to consider the natural vegetation and soils of these areas. If the criteria 
operate as phytogeographical models would suggest (Mather and Yoshioka, 1968; Looman, 1983; 
Sowell, 1985), vegetation types resembling those encountered in the north central U.S., such as 
mesic grasslands, a woodland-grassland ecotone, deciduous forests, and mixed coniferous-
deciduous forests, should be prevalent. Soil types in China are also related to climatic factors, but 
those of greatest interest, e.g., seasonally flooded, alluvial soils, calcareous soils, and mesic 
grassland soils, are also related to local topographic and geologic conditions (parent materials) and 
perhaps also to glacial and human impacts. 
Two distinct areas are mapped in Figure 2. The smaller, eastern region occurs in the 
extreme eastern part of Heilongjiang near the Amur and U ssuri Rivers. The soils and vegetation 
types of this region also suggest that it is an appropriate venue for exploration. This region 
contains three common soil types as mapped by Ganssen and Hadrich (1965). The largest 
proportion is classified as alluvial soils, associated with the major river systems. Also present are 
chernozern-like prairie soils and brown forest soils, mostly associated with the somewhat higher 
elevations of the Shending Shan (highest peak 831 meters above sea level). In a review of the 
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distribution and classification of vegetation in China, Hou (1983) reported that this area is included 
in the northern part of the Temperate Deciduous Broad-leaved Forest Region. Thus, this region 
may be well-suited for the selection of adapted woody landscape plants for introduction to the north 
central U.S. Cunningham (1984) noted that Frank Meyer introduced two commonly cultivated 
shrubs, Amur maple, Acer ginnala Maxim., and Amur tree lilac, Syringa reticulata (Blume) Hara 
var. mandschurica (Maxim.) Hara, from this region. Other widely used landscape plants from this 
region include Amur chokecherry, Prunus maackii Rupr., Amur honeysuckle, Lonicera maackii 
(Rupr.) Maxim., and Amur corktree, Phel/odendron amurense Rupr. This region likely extends 
across the border into adjacent parts of the Russian Far East, from Lesozavodsk in the south, north 
to Khabarovsk, and west to Birobidzhan. 
The larger area mapped in Figure 2 is centered on Inner Mongolia, but also includes parts of 
western Heilongjiang, western Jilin, northern Shanxi, northern Shaanxi, and Ningxia. In this case, 
soil and vegetation analyses are not particularly favorable indicators for woody landscape plant 
introduction. Ganssen and Hadrich (1965) indicated that chestnut soils, typical of dry steppes, 
predominate in this area. The southern and western parts of the area include even more xeric brown 
and gray desert-steppe soils. On a more positive note, there are smaller areas of alkaline meadow 
chernozems, typical chernozems, and brown forest soils, as well as some alluvial soils along the 
major rivers. These more favorable soils are found in western Heilongjiang, western Jilin, and 
eastern Inner Mongolia near Jilin and Liaoning. From Hou's (1983) vegetation mapping, the larger 
area mapped in Figure 2 corresponds to the Temperate Steppe Region and a small part of the 
Temperate Desert Region. Only at its easternmost edge does it approach the Temperate Deciduous 
Broad-leaved Forest Region. 
It is likely that much of the preceding region is too arid to be a very productive source of 
landscape plants for direct use in any but the driest parts of the north central U.S. But these arid 
sites may contain plants with tolerance to cold, drought, and alkaline soils, which could be of great 
breeding value and possibly of direct use within the chestnut soil region of the U.S. (High Plains). 
The relative aridity of the larger region mapped in Figure 2 suggests that the approach 
employed here to identify regions of analogous moisture balance may need refinement. So much of 
the precipitation of this region (in some cases more than 75% [China Meteorological 
Administration, 1994]) is concentrated in the summer monsoons that extended, cool-season 
droughts may limit the occurrence of woody vegetation there. An increase of 50 to 100 mm in the 
mean-summer-precipitation criterion would be sufficient to shift our focus eastward, away from 
desert-steppe and into more mesic grassland and forest vegetation and soils of northeastern China. 
More accurate measures of general climatic similarity and moisture balance, in particular, 
can be calculated from data published in the Atlas of the Climatic Resources of China (China 
Meteorological Administration, 1994 ), through multifactorial analyses, such as those employed by 
Steiner (1965), Russell and Moore (1970), and Pollak and Pham (1989), and by determining 
relationships between moisture balance data presented in the Atlas and data available for the United' 
States. I plan to conduct this research as part of a larger study of the performance of plant 
introductions from northeastern Asia in relation to climatic variables. 
POTENTIAL PARTNERS 
From my visit to China, I learned that Chinese foresters are particularly well-positioned to 
collaborate with us on landscape plant research related to the collection and evaluation of stress-
tolerant trees and shrubs. They have broad horticultural interests, moreso than do most foresters in 
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the United States. At various forestry institutions, 1 observed major research projects and large-
scale production in urban forestry and horticulture, specialty crops, agroforestry (both intercropping 
and short-rotation forestry), and tree-fruit and nut production. Many Chinese foresters desire to 
acquire germplasm and production technology to help reforest China and to build commercial 
markets for a broad range of plant products. This combination of broad interests and a desire to 
acquire the tools of progress suggests that American horticulturists have a great deal to offer to our 
Chinese counterparts. 
The important roles that Chinese foresters could play in cooperative work are even more 
impressive when one considers their vast numbers. During my visit, the President of the Chinese 
Society of Forestry informed us that his organization had 70,000 dues-paying members throughout 
China. There is a national network of research institutions operated by the Chinese Academy of 
Forestry, numerous forestry colleges and universities, and provincial forestry bureaus, many of 
which also have field stations and conduct research. Many of these foresters know their local 
woody flora and are well acquainted with sites in their areas that have been preserved as parks, 
temples, and other reserves. Some forestry institutions also maintain their own arboreta and 
botanical gardens (Yan An Arboretum, Yangling, Shaanxi; Heilongjiang Forestry Botanical 
Garden, Harbin, Heilongjiang), and natural areas for research (Nanjing Forestry University, 
Nanjing, Jiangsu). 
So far, many of the efforts to foster collaboration to conduct plant exploration in China have 
emphasized contacts with researchers housed at Chinese botanical gardens (Pei [1984] presents an 
excellent English-language overview of these institutions). Such collaboration undoubtedly will be 
productive, as such researchers are often expert in the distribution, floristics, and taxonomy of 
Chinese plants. But when I consider the massive scope of forestry in China and that nation's 
interest in natural resource management and economic expansion, I expect that numerous 
opportunities will arise for mutually beneficial collaboration and exchange among American 
horticulturists and Chinese foresters. The scale of these relationships may be much more vast than 
that which could be achieved by contacts solely with the Chinese botanical community. If we can 
approach new collaboration with clear goals, persistence, and thoughtful plans emphasizing mutual 
benefits, then our relationships with Chinese foresters surely will be worth cultivating in the years 
ahead. 
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Figure 1. Hardiness zone map for China, adapted from map of mean annual minimum temperatures 
in China Meteorological Administration (1994). Additional data for Taiwan were obtained from 
Watts (1969). 
Figure 2. Map of the Chinese regions meeting the climatic criteria described in the text. The 
stippled area delimits the two regions that meet all criteria. The smaller region is located in the 
basins of the Amur and Ussuri Rivers; the larger includes much of Inner Mongolia and parts of 
neighboring provinces. 
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